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By:. 
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Due Date: January 3, 2006 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant: 
Serial No.: 
Filed: 
Title: 



David E. Simmen Examiner: Cindy Nguyen 

09/669,556 Group Art Unit 2171 

September 26, 2000 Docket: STL919990184US3 

QUERY OPTIMIZATION TECHNIQUE FOR OBTAINING IMPROVED CARDINALITY 
ESTIMATES USING STATISTICS ON PRE-DEFINED QUERIES 



CERTIFICATE OF MAILING OR TRANSMISSION UNDER 37 CFR 1 ,8 



I hereby certify that this correspondence is being Hied via facsimile transmis: 
on November 9. 2005 . J 




Trademark Office 



MAIL STOP PETITION 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 



RECEIVED 
CENTRAL FAX CENTER 

NOV 03 2005 



Dear Sir: 



We are transmitting herewith the attached: 

IS Transmittal sheet, in duplicate, containing a Certificate of Mailing or Transmission under 37 CFR 1 .8. 
Ei Petition to Withdraw Holding of Abandonment. 

El Verified Statement by George H. Gates in Support of Petition to Withdraw Holding of Abandonment. 
E] Exhibits A (Notice of Abandonment), B (Applicant's Appeal Brief submitted by facsimile on May 2 1 , 2004), and C 
(Image of File Wrapper of PAIR showing that the Appeal Brief was received by the Office). 

Please consider this a PETITION FOR EXTENSION OF TIME for a sufficient number of months to enter tHese 
papers, if appropriate. 

Please charge all fees to Deposit Account No. 50-0494 of Gates & Cooper LLP. A duplicate of this paper is enclosed. 
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Due Date: January 3, 2006 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant: David E. Simmen Examiner: Cindy Nguyen RECEIVED 

Serial No.: 09/669,556 Group An Unit: 2171 CENTRAL FAX CENTER 

Filed: September 26, 2000 Docket: STL919990184US3 

Title: QUERY OPTIMIZATION TECHNIQUE FOR OBTAINING IMPROVED CARDINALTnr 

ESTIMATES USING STATISTICS ON PRE-DEFINED QUERIES 



CERTIFICATE OF MAILING OR TRANSMISSION UNDER 37 CFR 1 .8 




I hereby certify that tli is correspondence is being filed via facsimile transmission*! 


□ the US, Patent and Tratfemaik Office 


on November 9 4 2005. / 








Name: George 





MAIL STOP PETITION 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sin 

We are transmitting herewith the attached: 

13 Transmittal sheet, in duplicate, containing a Certificate of Mailing or Transmission under 37 CFR 1.8. 
^ Petition to Withdraw Holding of Abandonment 

13 Verified Statement by George H. Gates in Support of Petition to Withdraw Holding of Abandonment. 

Exhibits A (Notice of Abandonment), B (Applicant's Appeal Brief submitted by facsimile on May 21, 2004), and C 
(Image of File Wrapper of PAIR showing that the Appeal Brief was received by the Office). 



Please consider this a PETITION FOR EXTENSION OF TIME for a sufficient number of months to enter these 
papers, if appropriate. 

Please charge all fees to Deposit Account No, 50-0494 of Gates & Cooper LLP. A duplicate of this paper is enclosed. 



Customer Nnmber 22462 

GATES & COOPER LLP 
Howard Hughes Center 
6701 Center Drive West, Suite 1050 
Los Angeles, CA 90045 
(310) 641-3797 




Reg. No.: 33,500 
GHG/bjs 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



RECEIVED 
CENTRAL FAX 

NOV 0 9 2005 




David £. Simmen Examiner Ondy Nguyen 

09/669,556 Group Art Unic 2171 

September 26, 2000 Docket; STL919990184 

QUERY OPTIMIZATION TECHNIQUE FOR OBTAINING IMPROVED 
CARDINALITY ESTIMATES USING STATISTICS ON AUTOMATIC 
SUMMARY TABLES 



CERTIFICATE OF TRANSMISSION UNDER 37 CFE 1.8 



I hereby certify 
by facsimile on 




PETITION TO WITHDRAW HOLDING OF ABANDONMENT 



MAIL STOP PETITION 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

Applicants* attorney submits this Petition in response to a "Notice of Abandonment" dated 
November 3, 2005, which indicated that the above-identified application was abandoned due to 
Applicants' alleged failure to timely file a proper reply to the Office letter (Le., Advisory Action) 
mailed on April 28, 2004. The Notice of Abandonment also states that "Abandonment was 
indicated by George Gates 10/14/05 * Attached hereto as Exhibit A is a copy of the Notice of 
Abandonment. 

This Notice is erroneous. 

Applicants' attorney submitted an Appeal Brief on May 21, 2004, Attached hereto as 
Exhibit B is a copy of the Applicants' Appeal Brief submitted by facsimile on May 21, 2004, 
including the facsimile confirmation sheet showing that the Office received Applicants' Appeal Brief 
on that date. Attached hereto as Exhibit C is a copy of the Image File Wrapper of PAIR showing 
that the Appeal Brief was received by the Office, These Exhibits comprise objective evidence that a 
proper reply was timely filed to the Office letter mailed on April 28, 2004. 
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Moreover, the assertion of the Notice of Abandonment that "Abandonment was indicated 
by George Gates 10/14/05" is not true. Applicants* attorney never indicated to anyone at the 
Office that the application was abandoned. Applicants' attorney called Examiner Nguyen on 
November 2, 2005 to inquire as to the status of the appEcation, but did not talk to Examiner 
Nguyen. Instead, Applicants' attorney left a voice mail inquiring as to the status and requesting that 
Examiner Nguyen call back. However, Applicants ' attorney never received a call back from 
Examiner Nguyen* Moreover, this Notice of Abandonment was mailed by Examiner Nguyen the 
next day. 

Consequently, the Notice of Abandonment is erroneous, and this Petition is being submitted 
in response thereto. This Petition is accompanied by a Verified Statement by George H. Gates 
attesting to the fact that the Applicants' Appeal Brief was submitted to the Office on May 21, 2004. 
Consequently, Applicants* attorney hereby petitions for withdrawal of the holding of abandonment 
of this application. 

No fee is deemed necessary in connection with the filing of this Petition- However, should 
the Office determine that a fee is required, the Office is authorized to charge any such fee to 
Deposit Account No. 09-0460 of IBM Corporation, the assignee of the present application. 

Respectfully submitted, 

By Applicants' attorneys, 

GATES & COOPER LLP 

6701 Center Drive West, Suite 1050 
Los Angeles, California 90045 
(310) 642^146, 



Dated: Nnv*mher9., 2005 _ 

irgeli 1 Gates 
Reg. No.: 33,500 




2 
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RECEIVED 
CENTRAL FAX CENTER 

IN THE UNITED STATES PATENT AND TRA DFMARK OFFICE 

NOV 0 9 2005 

Applicant: David E. Simmen Examiner: Cindy Nguyen 

Serial No.: 09/669,556 Group Art Unit: 2171 

Filed: September 26, 2000 Docket: STJL919990184 

Htle: QUERY OPTIMIZATION TECHNIQUE FOR OBTAINING IMPROVED 

CARDINALITY ESTIMATES USING STATISTICS ON AUTOMATIC 

SUMMARY TABLES 



CERTIFICATE OF TRANSMISSION UNDER 37 CFR 1.8 




I hereby cerufyihat this correspondence k being trans mined to ibe UnifcfcLStotei PaitfJa 


umd Tradcroaik Office 


hy facsimile on November 9. 2005. /^^J^j/ 













VERIFIED STATEMENT BY GEORGE H. GATES IN SUPPORT OF 
PETITION TO WITHDRAW HOLDING OP ABANDONMENT 



MAIL STOP PETITION 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sin 

I, George H. Gates, hereby declare as follows: 

1. I am a registered patent attorney, as well as a partner in the law firm of Gates & 
Cooper LLP. Gates & Cooper LLP represents the assignee in the above-identified patent 
application. 

2, I have been involved in the prosecution of the above-identified patent application 
since July 19, 2001, including prior to the date on which the application became abandoned due to 
Applicants* alleged failure to timelyfile a proper reply to the Office letter mailed on April 28, 2004. 
Attached hereto as Exhibit A is a copy of the Notice of Abandonment. 

3. I submitted an Appeal Brief in the above-identified patent application by facsimile 
on May 21, 2004. 

4, Attached hereto as Exhibit B is a copy of the Applicants' Appeal Brief submitted by 
facsimile on May 21, 2004, including the facsimile confirmation sheet showing that the Office 
received Applicants 9 Appeal Brief on that date. 

1 
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5 . Amched hereto as Exhibit C is a copy of the Image File Wrapper of PAIR showing 
that the Appeal Brief was received by the Office. 

6. These Exhibits comprise objective evidence that a proper reply was timely filed to 
the Office letter mailed on April 28, 2004. 

7. I further declare that all statements made herein of my own personal knowledge are 
true and that all statements made on information and belief are believed to be true; and further that 
these statements are made with the knowledge thac willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of the above- referenced 
application or any patent issuing thereon. 

Dated: November 9. 2005 By: 

Reg. No. 33,500 




2 
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EXHIBIT A 
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United States Patent and Trademark Office 



APPLICATION NO. 



FILING DATE 



UNITED STATES DEPARTMENT OF COMMERCE 
United States Potent ond Trademark Office 
Address: COMMISSIONER FOR PATENTS 
P.a Box J 450 

Atexutdn*. Viisirua 223 13.MS0 
www.uipt&B(iv 



FIRST NAMED INVENTOR 



ATTORNEY DOCKET NO. 



CONFIRMATION NO. 



09/669,556 09/26/2000 

i 1/03V2005 

George H Gates 

Gates & Cooper LLP 

Howard Hughes Center 

6701 Center Drive West - Suite 1050 

Los Angeles, CA $0045 



David E. Sinunen 



ST9-99-184 



4709 



EXAMINER 



NGUYEN. CINDY 



ART UNIT 



PAPER NUMBER 



316) 

DATE MAILED: 1 1/03/2005 



Please find below and/or attached an Office communication concerning this application or proceeding. ^ 

c£ mOS OP, ^*Vic<2, of AhsunJ^mt^ 3^ 3,' 7LjX >^fc 



'Vltj r . 
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Notice of Abandonment 


Application No. 
09/669.556 


AppJicant(s) 
SIMMEN, DAVK 


D E. 


Examiner 
Cindy Nguyen 


Art Unit 
2161 





- The MAILING DATE of this communication appears on the cover sheet with the correspondence address* 



This application is abandoned in view of: 

1. IS Applicants failure to timely Hie a proper reply to the Office letter mailed on 28 April 2004. 

(a) □ A reply was received on (with a Certificate of Mailing or Transmission dated ), which is after the expiration of the 

period for reply (including a total extension of time of mohth(s)) which expired on 

(b) □ A proposed reply was received on but it does not constitute a proper reply under 37 CFR 1 .1 1 3 (a) to the final rejection. 

(A proper reply under 37 CFR 1.113 to a final rejection consists only of. (1 ) a timely filed amendment which places the 
application in condition for allowance; (2) a timely filed Notice of Appeal (with appeal fee); or (3) a timely filed Request for 
Continued Examination (RCE) in compliance with 37 CFR 1.114). 
(e) □ A reply was received on but it does not constitute a proper reply, or a bona fide attempt at a proper reply, to the non- 
final rejection See 37 CFR 1.85(a) and 1.111. (See explanation in box 7 below). 

(d) H No reply has been received. 

2. □ Applicant's failure to timely pay the required issue fee and publication fee, if applicable, within the statutory period of three months 

from the mailing date of the Notice of Allowance (PTOL-85). 

(a) □ The issue fee and publication fee, if applicable, was received on , (with a Certificate of Mailing or Transmission dated 

\ which is after the expiration of the statutory period for payment or the issue fee (and publication fee) set in the Notice of 

Allowance (PTOL-85). 

(b) □ The submitted fee of $ is insufficient. A balance of $ is due. 

The issue fee required by 37 CFR 1.18 Is $ . The publication fee. if required by 37 CFR 118(d), is $, 

(c) □ The issue fee and publication fee, if applicable, has not been received, 

3. D Applicant's failure to timely file corrected drawings as required by, and within the three-month period set in, the Notice of 

Allowability (PTO-37). 

(a) □ Proposed corrected drawings were received on (with a Certificate of Mailing or Transmission dated ,). which is 

after the expiration of the period for reply. 

(b) □ No corrected drawings have been received. 

4. □ The letter of express abandonment which is signed by the attorney or agent of record, the assignee of the entire interest, or all of 

the applicants. 

5. □ The letter of express abandonment which is signed by an attorney or agent (acting in a representative capacity under 37 CFR 

1.34(a)) upon the filing of a continuing application. 

6. □ The decision by the Board of Patent Appeals and Interference rendered on and because the period for seeking court review 

of the decision has expired and there are no allowed claims. 



7. H The reason(s) below: 



Abandonment was indicated by George Gates 10/14/05 ^*zZ*_ 




PRIMARY EXAMINER 



Petitions to revive under 37 CFR 1 .1 37(a) or (b), or requests to withdraw the holding of abandonment under 37 CFR 1 .181 , should be promptly fled to 
minimize any negative effects on patent term. „ 



U.S. Paitnt and Traaomtnc Office a . * D .__-_ c 

PTOL-1 432 (Rev. 04-0 1 ) Notice of Abandonment Part of Paper No. 5 
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EXHIBIT B 
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Auto-Reply Facsimile Transmission 



TO; 

Fax Information 
Date Received: 
Total Pages: 



Fax Sender at +13106418798 



5/21/20O4 5:18:39 PM [Eastern Daylight Time] 
51 (including cover.page) 



ADVISORY: This is an automatically generated return receipt confirmation of the facsimile transmission received by 
the Office. Please check to make sure that the number of pages listed as received in Total Pages above matches 
wha t was intended to be sent Applicants are advised to retain this receipt In the unlikely event that proof of this 
facsimile transmission is necessary. Applicants are also advised to use the certificate of facsimile transmission 
procedures set forth in 37 CFR 1.S(a) and (b), 37 CFR 1.6(f). Trademark Applicants, also see the Trademari< 
Manual of Examining Procedure (TMEP) section 306 etseq. 



Received 
Cover 
Page 



3£ 



CWT-103* 9II27PU F^ft ( Couif LIP 



Gates & Cooper up 

•Mownnf fJugbs Ooiei 
&?<n Cntter Dare Was, Suits 1 050 
Lo* AZfrict, California 900-12 

EXPEDITED PROCEDURE 



FROM; C«otst H. Oairx 

OUR JULPj STWlWDQt tUC 
TELSFHOXE: Qy M2*41«6 



TO: ^.'ouiaiiK.iuww nut Am-dn 
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MEMORY TRANSMISSION REPORT 

TIME : 05*21-2004 01:40PM 

TEL NUMBER : +13106418798 
NAbE : Gates ft Cooper LLP 

643 

05-21 01:27PM 
17038729305 
051 

05-21 01 :27PM 
05-21 0}:40PM 
051 
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Gates & Cooper llp 

Howard Hughes Center 
6701 Center Drive West, Suite 1050 
Los Angeles, California 90045 



RECEIVED 
CENTRAL FAX CENTER 

NOV 09 2005 



EXPEDTTFn PRQCFnTTttT? 



FAX TRANS MISSION Tn r Tcirr^ 



FROM: 

OURREF.: 

TELEPHONE: 



George H. Gates 
STL91 99901 84US3 
(310) 642-4146 



TO: Commissioner for Patents 

Attn: Exaxninex Cindy Nguyen 
Patent Examining Corps 
Facsimile Center 
Alexandria, VA 22313-1450 

Total pages, including cover letter: 51 

PTO FAX NUMBER: (703) 87^ -0306 



[ Tide of Document" 
Transmitted: 



Applicant: 



Serial No,: 



aOISJSF ^ELLANT ™ TRIMJCATEAND — 

AUTHORIZATION TO CHARGE DEPOSIT ACCOUNT NO nQ. 
jMJNTHE AMOUNT OF nn B n, m fffiffff* N ° °* 



David E. Simmon 



Filed: 



Group Art Unit: 



OurRef. No.: 



09/669,556 



September 26. 2000 



2171 



STL91 99901 84US3 



Please charge all fees to Deposit Accounr No 09-0460 of IBM r™. «• L 

present application Corporation, the asstgnee of the 

Natte: George H. Gates 



Reg. No.: 33,500 



Date 



G&C 30571 .272-US-U1 
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Confirmation No.: 4709 
Due Date: Nlay 23, 2004 



IN THE UNITED STATES PATENT AND TRADEMAR K OFFICE 



Applicant: David E. Simmen Examiner. 
Serial No.: 09/669,556 Group Art Unit 

Filed: September 26, 2000 Docket: 

Title: QUERY OPTIMIZATION TECHNIQUE FOR OBTAINING IMPROVED CARDINALITY 

ESTIMATES USING STATISTICS ON PRE-DEFINED QUERIES 
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Filed: Seprember 26, 2000 



Title: QUERY OPTIMIZATION TECHNIQUE 
FOR OBTAINING IMPROVED 
CARDINALITY ESTIMATES USING 
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Examiner: Cindy Nguyen 
Group Art Unit: 2171 
Appeal No.: 



BRIEF OF APPELLANT 

MAIL STOP APPEAL BRIEF - PATENTS 
a Commissioner for Patents 

| P.O. Box 1450 

■j Alexandria, VA 22313-1450 

Dear Sir: 

In accordance wich 37 CF.R. §U92, Appellant's attorney hereby submit, the Bne f of 
Appellant, in triplicate, on appeal from the final rejection in the above-identified apphcarion as set 
forth in the Office Action dated December 24, 2003. 

set forth under 37 C.F.R. §1 .17(c) to Deposit Account No. 09-04*0 of IBM Corporation the 
assignee of the present application. Also, please charge any additional fees or credit any 
overpayments to Deposit Account No. 09-0460. 

L REAT. PAttT Y TTM TMTTrpcc-r 
The real 



party „ interest is IBM Corporation, the assignee of the present appli, 



ration. 
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IL RELATED APPEALS A Km tk tterff.B Ri^ rpc 

Tnere are no related appeals or interferences fox the above-referenced patent application. 

Iu - STATUS OF rT AT^ 

Claims 1, 3-1 1, 13-21, and 23-30 are pending in the application. Claims 2, 12, and 22 have 
been canceled. 

Claims 1, 3-7, 11, 13-17, 21, and 23-27 were rejected under 35 U.S.C. §l03(a) as being 
obvious over Schiefer, U.S. Patent No. 5,761,653 (Schiefer) in ^ew of Chiang, US. PatenrNo 
6,477,523 (Chiang). 

Claims 6,10, 16-20, and 26-30 were rejected under 35 U.S.C. §103(a) as being unpatentable 
over Schiefer in view of Chiang and farther in view of Riarto et al., U.S. Patent No. 5,991,754 
(Riatto). 

W - STATUS OP A MENDMENTS 

No amendments to the claims have been made subsequent to the final Office Action. 

V - SUMMABV OT 7 THF TMWNmnxT 

AppeWs invention, as recited in independent claims 1, 1 1, and 21, is generally directed to 
a method of optimizing execution of a query that accesses data stored on a data store connected to a 
compute, Claim 1 is represent and recites the s*p S of generating cardinality estimates for one or 
mo* query execution plans for me query using statistics of one or more automatic summary tables Aat 
-erncauy overlap the query, and using the generated cattfnality estimates to determine an optimal query 
execution plan fox the query. 

With regard to the rejected claims, refer to the specification as follows: 

(a) at page 6, line 18 through page 29, line 24; and 

(b) at page 30, line 1 through page 31, line 17 and in FIGS. 2, 3 and 4 as reference numbers 
200-204, 300-310 and 400-416. 

VI. ISSUES PRR SENTF.n FOR RF.V7F.wy 

1. Whether claims 1, 3-7, 11, 13-17, 21, and 23-27 arc obvious under 35 U.S.C. §103(a) 
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in view of Sehiefer, U.S. Patent No. 5,761,653 (Sehiefer) in view of Chiang, U.S. Patent No. 
6,477,523 (Chiang). 

2, Whether claims 6-10, 16-20, and 26-30 are obvious under 35 U.S.C §1 03(a) in view 
of Sehiefer, in view of Chiang and further in view of Riatco et aL, U.S. Patent No. 5,991,754 (Riatto). 

VII. GROUPING O F CLAIMS 

The rejected claims do not all stand or fell together. The claims are grouped as follows: 
1. claims 1, 7, 11, 17, 21 and 27 stand or fall together; 
^ 2. claims 3, 13 and 23 stand or fall together; 

3* claims 4, 14 and 24 stand or fall together; 

4. claims 5,15 and 25 stand or fall together; 

5. claims 6,16 and 26 stand or fall together; 

6. claims 8, 18 and 28 stand or fall together; 

7. claims 9, 19 and 29 stand or fall together; and 

8. claims 1 0, 20 and 30 stand or fall together. 

^ Separate arguments for each of the groups of claims are provided below. 

m 

7 — VIIL ARGUMENTS 

A. The Office Action Rejections 

In sections (2)-(3> of die Office Action, claims 1, 3-7, 11, 13-17, 21 and 23-27 were rejected 
under 35 U.S.C. §l03(a) as being obvious over Sehiefer et aL, U.S. Patent No. 5,761,653 (Schiefet) in 
^ view of Chiang, U.S. Patent No. 6,477,523 (Chiang). In section (4) of the Office Action, claims 6- 

^ 10, 16-20, and 26-30 were rejected under 35 U.S.C. §1 03(a) as being unpatentable over Sehiefer in 

view of Chiang, U.S. Patent No. 6,477,523 (Chiang) and further in view of Raitto et aL, U.S. Patent 
No. 5,991,754 (Raitto). 

Appellant's attorney respectfully traverses these rejections. 

B. The Appellant's Claimed Invention 

Appellant's claimed invention, as recited in independent claims 1, 11, and 21, is generally 
directed to a method of optimizing execution of a query that accesses data stored on a data store 
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connect to a computet. Claim 1 is representative and recites the steps of generating cardinality 
estimates for one or more query execution p]ans for the query using statistics of one or more automatic 
summary tables that vertically overlap the query, and using the generated cardinality estimates to 
determine an optimal query execution plan for the query. 

C- The Schiefer Referenm 

Schiefer describes a method fox estimating cardinalities for query processing in , relational 
database management system. The method is suitable for use with a query optimizer for estimating 
cardtnahnes for sets of columns or keys resulting from 3 grouping operation or a duplicate removal 
operation. 

D - The Chiang Refe.w>T^ r 

Chiang describes a method, apparatus, and article of manufacture for generating statistics for 
use by a relational database management system. A global aggregate spool is generated for each of a 
plurality of partitions of a subject table that are spread across a plurality of processing unit* of a 
computer system. Each of the global aggregate spools is scanned to generate summary records The 
summary records are then merged to generate interval records for a compressed histogram of the 
subject table, wherein the compressed histogram includes both equal-height intervals and high- 
bred intervals. The compressed histogram can then be analyzed to estimate the cardinality 
associated with one or more search conditions of a user query ox other SQL statement. Compared 
to a stnedy equaKheight histogram, the compressed histogram allows the relational database 
management system to more accurately estimate the cardinality associated with various search 
condition, As a result, the relational database management system can better optimize the execution 
of the user query. 

E - The Rairto Reference 

Rairto describes a method and system for processing queues, where the queries do not 
reference a particular materialized view. Specifically, techniques are provided for handling a query 
that specifies a first set of one or more aggregate functions, where the particular materialized vi 



reflects a second set of on e or more aggregate functions. Whether the query can be rewritten is 

4 
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determined based on the aggregate functions in the first and second sets, and the corresponding 
arguments. Techniques are also provided for processing a query that (1) does not reference a 
particular materialized view, (2) specifies a first set of one or more aggregate functions, where the 
particular materialized view reflects a second set of one or more aggregate functions. A technique is 
also provided for rewriting queries that specify an outer join that has a dimension table on the child- 
side of the outer join and a fact table on the parent-aide of the outer join. The query is rewritten to 
produce a rewritten query by replacing references to the fact table in the query with references to a 
materialized view. The rewritten query specifies an outer join that has die dimension table on the 
•yt child side and the materialized view on the parent side. 

F. pf llgmt' s Independent Haims Are Patentable Over The Cired R eferences 

Appellant's independent claims are patentable over Schiefer, Chiang and Raitto, because it 
includes a combination of limitations not taught or suggested by the cited references, taken 
individually or in any combination. 

The combination of Schiefer and Chiang is cited by the Office Action as teaching all of the 
^ steps or elements of the independent claims 1,11 and 21. 

^ Appellant's attorney disagrees. 

The Office Action states that Chiang teaches the elements "generating cardinality estimates 
for one or more query execution plans for the query using statistics of one or more automatic 
summary tables that vertically overlap the query" at coL 6, lines 32-65 and in FIG. 3, steps 300-310. 
However, at the indicated locations, Chiang merely states the following: 

•-*.*v- 

*$!■ 
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Chiang: Col. 6 r lines 32-65 

According to the preferred embodiment of the present invention, a. new kind 
of database statistics, known as a compressed histogram, axe generated for use by the 
Optimizer subsystem of the PE 114 in optimizing an execution plan. The 
compressed histogram includes high-biased intervals and/or equal-height intervals 
that allow the Optimizer subsystem of the PE 114 to more accurately estimate the 
cardinality associated with various conditions of the execution plan. 

Typically, the compressed histogram is independendy generated for a 
specified subject table and then stored as a single field of a row in a system table in 
the relational database 1 1 8 for later use by the Optimizer subsystem of the PE 1 14. 
^ The PE 1 14 is responsible for generating the compressed histogram, using a 

sequence of collection steps sent to and performed by the AMPs 11 6. In the 
preferred embodiment, there are two statistics collection steps. 

A first collection step is responsible for building a global aggregate spool and 
a sequence of summary records on each AMP 116 participating in the statistics 
collection (Le., on each AMP 116 that manages a partition of the subject table), 
wherein multiple copies of the first collection step are executed simultaneously and 
in parallel by the AMPs 116. In this manner, the global aggregate spool may be 
considered partitioned in the same manner as the subject table. 

Each row of the global aggregate spool includes: (1) a distinct value from the 
£jg partition of the subject table and (2) die number of rows in the partition of the 

subject table having the distinct value. The global aggregate spool is considered 
IP! global in the sense that a distinct value from the subject table can only be found on a 

H$ single AMP 116, because the subject table is partitioned across multiple AMPs 116. 

Chiang: FIG. 3 



6 



PAGE 22/68 * RCVD AT tl/9/2005 7:28:02 PM [Eastern Standard Time] ^ SVR:USPTO-EFXRF-6/26 * DNIS:2738300 * CSID:-H3106418798 * DURATION (mm-ss):14-18 



11-09-2005 04:47PM FROM-Catas & Cooper LLP 



+13106418798 



T-545 P. 023/068 F-770 



FIG. 3 
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Nothing in the above description from Chiang can fairly be said to represent "generating 
cardinality estimates for one or more query execution plans for the query using statist ofone or more 
automatic summary tables that vertically overlap the query." 

In Chiang, summary records axe constructed from a global aggregate spool. Each row of the 
global aggregate spool includes: (1) a distinct value from the partition of the subject table and (2) the 
number of rows in the partition of the subject table having the distinct value. Each summary record 
includes: (1) a sort key, (2) a distinct value, and (3) the number of rows in the partition of the subject 
table having the distinct value. 

However, the summary records in Chiang are not "automatic summary tables" or 
'materialized v,ews.» As noted in Appellant's specification, automatic summary tables are pre- 
computed queries. 

Also, Chiang does not determine that an automatic summary table vertically overlaps a query 
As noted in Appellant's specification, an automatic summary table vertically overlaps a query when the 
set of predicates applied by the automatic summary *ble is a subset of the predicates required by the 

query. 

However, there is no discussion of vertically overlapping automatic summary tables in 
Chxang. Indeed, Chiang is directed only to the construction of a compressed histogram of a subject 

cable without reference to a query. 



C <4 
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Consequently, Chiang does not teach or suggest "generating cardinality estimates for one or 
mote query execution plans for the query using statistics of one or more automatic summary tables 
that vertically overlap the query." 

The Office Action also states chat Schiefer teaches the elements "using the cardinality 
estimates to determine an optimal query execution plan for the query" at coL 3, lines 37-60 and coL 10, 
lines 23-57. However, at the indicated locations, Schiefer merely states the following: 



Schiefen CoL 3 r lines 37-60 

It is another object of the present invention to produce a better cardinality 
estimate by utilizing information and attributes which can be obtained from the 
catalog for the relational database management system. The additional information 
includes cardinalities fox existing unique keys, column equivalence classes, functional 
dependencies, statistical functional dependencies, and statistically unique keys. 
f ig£ In a first aspect, the present invention provides a method fox esti ma tin g 

cardinalities for a key formed from a grouping of columns in a table for use in a 
query optimizer for a relational database management system, wherein selectivities 
and keys associated with columns in the table are provided in a catalog, said method 
comprising the steps of: (a) determining an equivalence class for each column in said 
key; (b) for each said equivalence class determining an effective cardinality for each 
of said columns belonging to said equivalence class; (c) determining a cardinality for 
each of said equivalence classes by choosing the minimum effective cardinality for 
the columns belonging to said equivalence class; and (d) estimating a cardinality value 
for said key from the product of said cardinalities for said equivalence classes. 

Schiefer: CoL 10. lines 23-57 

To determine the effective cardinality of a column in line 13, the method 
according to the present invention considers the effect of local predicates on other 
columns in the equivalence class. Known query optimizers estimate the cardinality of 
a column CI using only the product of predicate selectivity (ff_l) and base table 
column cardinality .vertline.Cl.vertline. obtained from the CATALOG- Known 
optimizers do not consider the effects of predicates on other columns. According to 
the invention, the effective cardinality of a column is determined by the following 
expression which will be referred to as Expression (1): 



8 
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EFFECTIVE COLUMN CARDINALITY" |C1 1 * SJL * (1 - (1 - 
ff_2) (|T|/,Cl,) )(l) 
where: 

j T | is the table cardinality, i.e, number of rows in table 
j CI | is the base table cardinality obtained from the CATALOG 
ff_l is the selectivity of a local predicate for column CI 
flL.2 is the selectively of a local predicate for column C2 
In the derivation of Expression (1) according to the present method, it is 
assumed that Cl and C2 are independent, and the values of CI and C2 are both 
uniformly distributed in the cable. 

If there is no restriction on column C2, i.e. ff_2 is 1, Expression (1) reduces 
to | Cl | * ff_l which provides the basic operation performed by known optimizers 
for obtaining the effective cardinality of a column. Since the prior art method is 
based on the assumption that all columns in a key are fully independent of each 
other, the method according to the prior arc usually leads to unnecessarily large 
numbers for the key cardinalities. This in turn can result in the query optimizer 18 
(FIG. 1) picking the wrong query plan which is clearly undesirable. 

In the context of Appellant's claims, the cardinality estimates are generated using statistics of 
one or more automatic summary tables that vertically overlap the query. In Schiefer, however, the 
cardinality estimates are generated by (1) determining an equivalence class for each column in a key; 
(b) for each equivalence class, determining an effective cardinality for each of the columns belonging 
to the equivalence class; (c) determining a cardinality for each of the equivalence classes by choosing 
the minimum effective cardinality for the columns belonging to the equivalence class; and (d) 
estimating a cardinality value for the key from the product of the cardinalities for the equivalence 
classes. 

Raitto does not overcome the deficiencies of Schiefer and Chiang. Recall that Raitto was 
cited only against dependent claims 6-10, 16-20 and 26-30, and is specifically directed to queries that 
do not reference a particular materialized view (automatic summary tabic). 

Consequendy, even when combined, the Schiefer, Chiang and Raitto references do not teach 
or suggest the Appellant's invention. Moreover, the various elements of Appellant's claimed 
invention together provide operational advantages over the cited references. In addition, 
Appellant's invention solves problems not recognized by the cited references. 

Thus, Appellant submits that independent claims 1, 11 and 21 are allowable over Schiefer, 
Chiang and Raitto. Further, dependent claims 3-10, 13-20 and 23-30 are submitted to be allowable 

9 
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over Schiefer, Chiang and Raitto in the same manner, because they are dependent on independent 
HaimQ l ? 11 and 21, respectively, and because they contain all the limitations of the independent 
claims. 



G- Appellant's Dependent Claims Are Patentable Over The Cited References 

Appellant's dependent claims are patentable over Schiefer, Chiang and Raitto, because it 
includes a combination of limitations not taught or suggested by the cited references, taken 
individually or in any combination 

With regard to claims 3, 13 and 23, which recite that "the statistics of the one or more 
automatic summary tables are used to improve a combined selectivity estimate of one or more 
predicates of the query," the Office Action asserts that Schiefer teaches these elements at col 6, line 41 
- coL 7, line 20. Appellant's attorney disagrees. At the indicated location, Schiefer merely describes 
estimating cardinalities, but not using statistics of automatic summary tables. 

With regard to claims 4, 14 and 24, which recite diat "the predicates are applied by one of the 
automatic summary tables,'* the Office Action asserts that Schiefer teaches these dements at coL 10, 
lines 23-44. Appellant's attorney disagrees. At the indicated location, Schiefer merely describes the 
effect of local predicates on other columns, but not the application of predicates by automatic summary 
tables. 

With regard to claims 5, IS and 25, which recite that "the selectivity estimate comprises a ratio 
of a cardinality of the automatic summary table to a product of cardinalities of base tables referenced in 
the automatic summary table and the query," the Office Action asserts that Schiefer teaches these 
elements at coL 8, lines 1-28. Appellant's attorney disagrees. At the indicated location, Schiefer merely 
describes estimates of key cardinalities, but says nothing about a ratio of a cardinality of the automatic 
summary table to a product of cardinalities of base tables referenced in the automatic summary table 
and the query. 

With regard to claims 6, 1 6 and 24, which recite that * , 2ero or more predicates of the query are 
applied by one of the automatic summary tables and wherein the remaining predicates are eligible to be 
applied on the automatic summary table/* the Office Action asserts that Chiang teaches these elements 
at coL 12, lines 28-67. Appellant's attorney disagrees. The indicated location in Chiang is completely 
unrelated to the <»1*i-m limitations. 

10 
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With regard to c&ims 7, 17 and 27, these claims stand ot fall with claims 1, 11 and 21, 

With regard to claims 8, 18 arid 28, which recite "determining a subpredicate combined 
selectivity estimate of the unapplied eligible predicates using column distribution statistics of the 
automatic summary table," the Office Action asserts that Raitto teaches these elements at col. 11, lines 
6-19. Appellant's attorney disagrees. Hie indicated location in Raitto describes a "query reduction 
factor" computed for a materialised view, which is a different ratio, comprising a ratio of (1) the 
sum of the cardinalities of matching relations in the query that will be replaced by the materialized 
t view to (2) the cardinality of the materialized view. 

With regard to claims 9, 19 and 29, which recite that "a cardinality ratio comprises a ratio of a 
cardinality of the automatic summary table to a product of cardinalities of base tables referenced in the 
automatic summary table and the query," the Office Action asserts that Raitto teaches these elements at 
coL 1 1 , lines 20-30. Appellant's attorney disagrees. At the indicated location, Raitto describes a "query 
reduction factor" computed for a materialized view, which is a different ratio, comprising a ratio of 
(t) the sum of the cardinalities of matching relations in the query that will be replaced by the 
j'r^ materialized view to (2) the cardinality of the materialized view. 

With regard to claims 10, 20 and 30, which recite that "the selectivity estimate comprises a 
j|| product of the subpredicate combined selectivity estimate and the cardinality ratio," the Office Action 

asserts that Raitto teaches these elements at coL 11, lines 31-49- Appellant's attorney disagrees. At the 
indicated location, Raitto merely describes the "current best materialized view" with the "highest 
query reduction factor," but not a product of the subpredicate combined selectivity estimate and the 
cardinality ratio. 



DC CONOJU SltQM 

In light of the above arguments, Appellant respectfully submits that the cited references do 
not anticipate nor render obvious the claimed invention. More specifically, Appellant's claims recite 
novel physical features, which patentably distinguish over any and all references under 35 U.S.C §§ 
102 and 103. As a result, a decision by the Board of Patent Appeals and Interferences reversing the 
Examiner and directing allowance of the pending claims in the subject application is respectfully 
solicited. 

Respectfully submitted, 

11 



PAGE 27/68 * RCVD AT 1 1/9/2005 7:28:02 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-6/26 * DNIS:2738300 * CSID:-H3106418798 * DURATION (mm-ss):14-18 



11-09-2005 04:48PM 



F ROM-Gates & Cooper LLP 



113106418798 



T-545 P. 028/068 F-770 



GATES & COOPER LLP 
Attorneys for Appellant 

Howard Hughes Center 
6701 Center Drive West, Suite 1050 
Los Angeles, California 90045 
(310) 64U5797 , 



Date: May 21 .2004 




Natnfe: Qejirge H 
Reg. No.: 33,500 



GHG/ 



G&C30571.272.US-U1 




12 



PAGE 28/68 • RCVD AT 1 119/2005 7:28:02 PM [Eastern Standard Time] * SVR:USPTO«EFXRF-6/26 * DNIS:2738300 * CSID:+13106418798 * DURATION (mm-ss):14-18 



11-09-2005 04:49PM FROM-Gatas & Cooper LLP 



+13106418798 



T-545 P. 029/068 F-770 



APPENDIX 

1 . A method of optimizing execution of a query that accesses data stored on a data stote 
connected to a computet, comprising: 

generating cardinality estimates for one or more query execution plans for the query using 
s caustics of one or more automatic summary tables that vertically overlap the query; and 

using the generated cardinality estimates to determine an optimal query execution plan for the 

query. 

3, The method of rlaim 1 f wherein the statistics of the one or more automatic summary 
tables are used to improve a combined selectivity estimate of one or more predicates of the query. 

4, The method of claim 3, wherein the predicates are applied by one of the automatic 
summary tables. 

5, The method of claim 4, wherein the selectivity estimate comprises a ratio of a 

.*% cardinality of the automatic summary table to a product of cardinalities of base tables referenced in the 

§?J automatic summary table and the query. 



6. The method of claim 3, wherein zero or more predicates of the query are applied by 
one of the automatic summary tables and wherein the remaining predicates are eligible to be applied on 
the automatic summary table. 

| 7. The method of claim <>, wherein a predicate is eligible to be applied on the automatic 



summary table if it can be evaluated using the output columns and expressions of the automatic 
summary table. 

8. The method of claim 7, further comprising determining a subpicdicate combined 
selectivity estimate of the unapplied eligible predicates using column distribution statistics of the 
automatic summary table. 
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9. The method of claim 8, wherein a cardinality ratio comprises a ratio of a cardinality of 
the automatic summary table to a product of cardinalities of base tables referenced in the automatic 
summary table and the query. 

10. The method of claim 9, wherein the selectmty estimate comprises a product of the 
subpredicate combined selectivity estimate and the cardinality ratio. 

11. An apparatus for optimising execution of a query, comprising: 

a computer having a data store coupled thereto, whetein the data store stores data; 
one or mote computer programs, performed by the computer, for generating cardinality 
estimates for one or more query execution plans for the query using statistics of one or more automatic 
summary tables that vertically overlap the query, and for using the generated cardinality estimates to 
determine an optimal query execution plan for the query. 



13. The apparatus of claim 1 1, wherein the statistics of the one or more automatic 
^ summary tables ate used to improve a combined selectivity estimate of one or more predicates of the 

query. 



3S& 

m 



14. The apparatus of claim 13, wherein the predicates are applied by one of the automatic 
summary tables. 

15. The apparatus of claim 1 4, wherein the selectivity estimate comprises a ratio of a 
cardinality of the automatic summary table to a product of cardinalities of base tables referenced in the 
automatic summary table and the query. 

1 6. The apparatus of rlaim 1 3, wherein zero or more predicates of the query are applied by 
one of the automatic summary tables and wherein the remaining predicates are eligible to be applied on 
the automatic summary table. 

17. The apparatus of claim 16, a predicate is eligible to be applied on the automatic 
summary table if it can be evaluated using the output columns and expressions of the automatic 
summary table. 
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18. Hie apparatus of claim 17, further comprising determining a subpredicate combined 
sdectivity estimate of the unapplied eligible predicates using column distribution statistics of the 
automatic summary table. 

19- The apparatus of claim 18, whetdn a cardinality ratio comprises a ratio of a cardinality 
of the automatic summary table to a product of cardinalities of base taUes referenced in the automatic 
summary table and the query. 

20. The apparatus of claim 19. wherein the selectivity estimate comprises a product of the 
subpredicate combined selectivity estimate and the cardinality ratio. 

21. An article of manufacture comprising a program storage medium readable by a 
computer and embodying one ox more instructions executable by the computer to optimizing execution 
of a query that accesses data stored on a data store connected to the computer, comprise 

generating cardinality estimates for one or more query execution plans for the query using 
staosncs of one or mote automatic summary tables that vertically overlap the query; and 

using the general cardinality estimates to determine an optimal query execution plan for the 

query. 

23. The article of manufacture of claim 21, wherein the statistics of the one or more 
automaoc summary tables are used to improve a combined selectivity estimate of one or more 

predicates of the query. 

24. The article of manufacture of claim 25, wherein the predicates are applied by one of the 

automatic summary tables, 

25. The article of manufacture of claim 24, wherein the selectivity estimate comprises a 
ratio of a cardinality of the automatic summary table to a product of cardinalities of base tables 
referenced in the automatic summary table and the query. 
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26. The article of manufacture of claim 23, wherein zero or more predicates of the query 
are applied by one of the automatic summary tables and wherein the remaining predicates axe eligible to 
be applied on the automatic summary table. 

27. The article of manufacture of claim 26, a predicate is eligible to be applied on the 
automatic summary table if it can be evaluated using the output columns and expressions of the 
automatic summary table. 

28. The article of manufacture of claim 27, further comptising determining a subpredicate 
combined selectivity estimate of the unapplied eligible predicates using column distribution statistics of 
the automatic summary table. 

29. The article of manufacture of claim 28, wherein a cardinality ratio comprises a ratio of a 
cardinality of the automatic summary table to a product of cardinalities of base tables referenced in the 
automatic summary table and the query. 

30. The article of manufacture of claim 29, wherein the selectivity estimate comprises a 
product of the subpredicate combined selectivity estimate and the cardinality ratio. 
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RECEIVED 

CENTRAL FAX CENTER 

NOV 0 9 2005 

Confirmation No.: 4709 
Due Date: May 23, 2004 

IN THE UNITED STATES PATENT AND TRADEMARK OPPICE 
BEFORE THE BOARD OF PATENT APPEALS AND INTERFERENCES 

In ie Application of: 

Inventor: David E. Simmen 

Serial #: 09/669,556 

Filed: September 26, 2000 

Title: QUERY OPTIMIZATION TECHNIQUE 
FOR OBTAINING IMPROVED 
CARDINALITY ESTIMATES USING 
STATISTICS ON PRE-DEFINED QUERIES 



Examiner: Cindy Nguyen 
Group Art Unit 2171 
Appeal No.: 



BRIEF OF APPELLANT 

lL; MAIL STOP APPEAL BRIEF -PATENTS 

Commissioner for Patents 
^ P.O. Box 14S0 

3 Alexandria, VA 22313-1450 

Dear Sir 

In accordance with 37 C.F.R. §1.192, Appellant's attorney hereby submits the Brief of 
Appellant, in triplicate, on appeal from the final rejection in the above-identified application as set 
forth in the Office Action dated December 24, 2003. 
& Please charge the amount of $330.00 to cover the required fee for filing this Appeal Brief as 

set forth under 37 CF.R. §L17(c) to Deposit Account No. 09-0460 of IBM Corporation the 
assignee of the present application. Also, please charge any additional fees or credit any 
overpayments to Deposit Account No. 09-0460. 

I. REAL PARTY IN INTEREST 

The real party in interest is IBM Corporation, the assignee of the present application. 
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II. RELATED APPEALS AND INTERFERENCES 

There are no related appeals or interferences for the above-referenced patent application* 

III. STATUS OF CLAIMS 

Claims 1,3-11, 13-21, and 23-30 are pending in the application. Claims 2, 12, and 22 have 
been canceled- 

Claims 1, 3-7, 11, 13^17, 21, and 23-27 were rejected under 35 U.S.C. §103(a) as being 
obvious over Schiefer, U.S. Patent No* 5,761,653 (Schiefer) in view of Chiang, U.S. Patent No. 
6,477,523 (Chiang). 

Claims 6-10, 16-20, and 26-30 were rejected under 35 U.S.C. §103(a) as being unpatentable 
over Schiefer in view of Chiang and further in view of Riatto et al., Ui5. Patent No. 5,991,754 
(Riatto), 

IV. STATUS OF AMENDMENTS 

No amendments to the rlaimg have been made subsequent to the final Office Action. 

V- SUMMARY OF THE INVENTION 

Appellant's invention, as recited in independent claims 1,11, and 21, is generally directed to 
a method of optimizing execution of a query that accesses data stored on a data store connected Co a 
computer. Claim 1 is representative and recites the steps of generating cardinality estimates for one or 
more query execution plans for the query using statistics of one or more automatic summary tables that 
vertically overlap the query, and using the generated cardinality estimates to determine an optimal query 
execution plan for the query. 

With regard to the rejected claims, refer to che specification as follows: 

(a) at page 6, line 18 through page 29, line 24; and 

(b) at page 30, line 1 through page 31, line 17 and in FIGS. 2, 3 and 4 as reference numbers 
200-204, 300-310 and 400-416. 

VI. ISSUES PRESENTED FOR REVIEW 

1. Whether claims 1, 3-7, 11, 13-17, 21, and 23-27 are obvious under 35 U.S.C §1 03(a) 
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in view of Schiefer, U.S. Patent No. 5,761,653 (Schiefer) in view of Chiang, U.S. Patent No. 
6,477,523 (Chiang). 

2. Whether claims 6-10, 16-20, and 26-30 are obvious under 35 U.S.C. §1 03(a) in view 
of Schiefer, in view of Chiang and further in view of Kiatto et aL> U.S. Patent No. 5,991 ,754 (Riatto). 

Vn. GROUPING OF CLAIMS 

The rejected claims do not all stand or fell together. The claims ate grouped as follows: 



1. 


claims 1, 7, 11,17, 21 and 27 stand or fell together; 


2. 


claims 3, 13 and 23 stand or fall together; 


3. 


claims 4, 14 and 24 stand or fell together; 


4. 


claims 5, 15 and 25 stand or fall together; 


5. 


claims 6, 16 and 26 stand or fall together; 


6. 


claims 8, 18 and 28 stand or fell together; 


7. 


claims 9, 19 and 29 stand or fall together; and 


8. 


claims 10, 20 and 30 stand or fell together. 



Separate arguments for each of the groups of claims are provided below. 

VEI. ARGUMENTS 

A. The Office Action Rejection 

In sections (2)-(3) of the Office Action, claims 1, 3-7, 11, 13-17, 21 and 23-27 were rejected 
under 35 U.S.C. §103(a) as being obvious over Schiefer et aL, U.S. Patent No. 5,761,653 (Schiefer) in 
view of Chiang, U,S. Patent No. 6,477,523 (Chiang). In section (4) of the Office Action, claims 6- 
10, 16-20, and 26-30 were rejected under 35 U.S.C, §1 03(a) as being unpatentable over Schiefer in 
view of Chiang, U.S. Patent No. 6,477,523 (Chiang) and further in view of Raitto et aL T U.S. Patent 
No. 5,991,754 (Raitto). 

Appellant's attorney respectfully traverses these rejections. 

B. The Appellants Claimed Invention 

Appellant's claimed invention, as recited in independent claims 1,11, and 21, is generally 
directed to a method of optimizing execution of a query that accesses data stored on a data store 
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connected to a computer. Claim 1 is representative and recites the steps of generating cardinality 
estimates for one or more query execution plans for the query using statistics of one or more automatic 
summary tables that vertically overlap the query, and using the generated cardinality estimates to 
determine an optimal query execution plan for the query. 

C. The Sehiefer Reference 

Schiefer describes a method for estimating cardinalities for query processing in a relational 
database management system. The method is suitable for use with a query optimizer for estimating 
cardinalities for sets of columns or keys resulting from a grouping operation or a duplicate removal 
operation. 

D. The Chiang Reference 

Chiang describes a method, apparatus, and article of manufacture for generating statistics for 
use by a relational database management system. A global aggregate spool is generated for each of a 
plurality of partitions of a subject table that are spread across a plurality of processing units of a 
computer system. Each of the global aggregate spools is scanned to generate summary records. The 
summary records ate then merged to generate interval records for a compressed histogram of the 
subject table, wherein the compressed histogram includes both equal-height intervals and high- 
biased intervals. The compressed histogram can then be analysed to estimate the cardinality 
associated with one or mote search conditions of a user query or other SQL statement. Compared 
to a striedy equal-height histogram, the compressed histogram allows the relational database 
management system to more accurately estimate the cardinality associated with various search 
conditions. As a result, the relational database management system can better optimize the execution 
of the user query. 

E. The Raitto Reference 

Raitto describes a method and system for processing queries, where the queries do not 
reference a particular materialized view. Specifically, techniques are provided for handling a query 
that specifies a first set of one or more aggregate functions, where the particular materialized view 
reflects a second set of one or more aggregate functions. Whether the query can be rewritten is 

4 
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determined based on the aggregate functions in the first and second sees, and the corresponding 
arguments. Techniques are also provided for processing a query that (1) does not reference a 
particular materialked view, (2) specifies a first set of one or more aggregate functions, where the 
particular materialized view reflects a second set of one or more aggregate functions. A technique is 
also provided for rewriting queries that specify an outer join that has a dimension table on the child- 
side of the outer join and a feet table on the parent-side of the outer join. The query is rewritten to 
produce a rewritten query by replacing references to the fact table in the query with references to a 
materialized view. The rewritten query specifies an outer join that has the dimension table on the 
child side and the materialized view on the parent side. 

R Appellant's Independent Claims Are Patentable Over The Cited References 
Appellant's independent claims are patentable over Schiefer, Chiang and Raitto, because it 

includes a combination, of limitations not taught or suggested by the cited references, taken 

individually or in any combination. 
^ The combination of Schiefer and Chiang is cited by the Office Action as teaching all of the 

steps or elements of the independent claims 1,11 and 21 . 
Appellant's attorney disagrees. 

The Office Action states that Chiang teaches the elements "generating cardinality estimates 
for one or more query execution plans for the query using statistics of one or more automatic 
summary tables that vertically overlap the query" at coL 6, lines 32-65 and in FIG. 3, steps 300-310. 
However, at the indicated locations, Chiang merely states the following: 
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Chiang: Col. 6 P lines 32-65 

According to the preferred embodiment of the present invention, a new kind 
of database statistics, known as a compressed histogram, axe generated for use by the 
Optimizer subsystem of the PE 114 in optimizing an execution plan. The 
compressed histogram includes high-biased intervals and/ or equal-height intervals 
that allow the Optimizer subsystem of the PE 114 to mote accurately estimate the 
cardinality associated with various conditions of the execution pkn. 

Typically, the compressed histogram is independendy generated for a 
specified subject table and then stored as a single field of a tow in a system table in 
the relational database 118 for later use by the Optimizer subsystem of the PE 114. 
The PE 1 14 is responsible for generating the compressed histogram, using a 
sequence of collection steps sent to and performed by the AMPs 1 1 6. In the 
preferred embodiment, there are two statistics collection steps. 

A first collection step is responsible for building a global aggregate spool and 
a sequence of summary records on each AMP 116 participating in the statistics 
collection (i.e., on each AMP 116 that manages a partition of the subject table), 
wherein multiple copies of the first collection step are executed simultaneously and 
in parallel by die AMPs 1 16. In this manner, the global aggregate spool may be 
considered partitioned in the same manner as the subject table. 

Each row of the global aggregate spool includes: (1) a distinct value from the 
partition of the subject table and (2) the number of rows in the partition of the 
subject table having the distinct value. The global aggregate spool is considered 
global in the sense that a distinct value from the subject table can only be found on a 
single AMP 116, because the subject table is partitioned across multiple AMPs 1 16. 

Chkng: FIG. 3 
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FIG. 3 
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Nothing in the above description from Chiang can fairly be said to represent "generating 
cardinality estimates for one or more query execution plans for the query using statistics of one or more 
automatic summary tables that vertically overlap the query/* 

In Chiang, summary records are constructed from a global aggregate spool. Each row of the 
global aggregate spool includes: (1) a distinct value from the partition of the subject table and (2) the 
number of rows in the partition of the subject table having the distinct value. Each summary record 
includes: (1) a sort key, (2) a distinct value, arid (3) the number of rows in the partition of the subject 
table having the distinct value. 

However, the summary records in Chiang are not "automatic s ummar y tables'* or 
"materialized views." As noted in Appellant's specification, automatic summary tables are pre- 
computed queries. 

Also, Chiang does not determine that an automatic summary table vertically overlaps a query. 
As noted in Appellant's specification, an automatic summary cable vertically overlaps a query when the 
set of predicates applied by the automatic summary table is a subset of the predicates required by the 
query. 

However, there is no discussion of vertically overlapping automatic summary tables in 
Chiang. Indeed, Chiang is directed only to the construction of a compressed histogram of a subject 
table without reference to a query. 
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Consequent^ Chiang does not teach or suggest "generating cardinality estimates for one or 
more query execution plans for the query using statistics of one or mote automatic summary tables 
that vertically overlap the query." 

The Office Action also states that Schiefer teaches the elements "using the cardinality 
estimates to determine an optimal query execution plan for the query" at coL 3, lines 37-60 and coL 10, 
lines 23-57. However, at the indicated locations, Schiefer merely states the following: 



Schiefer: CoL 3 r lines 37-60 

It is another object of the present invention to produce a better cardinality 
■/.^ estimate by utilizing information and attributes which can be obtained from the 

5%f. catalog for the relational database management system. The additional information 

e^H includes cardinalities for existing unique keys, column equivalence classes, functional 

^ dependencies, statistical functional dependencies, and statistically unique keys. 

^ In a first aspect, the present invention provides a method for estimating 

*C:: cardinalities for a key formed from a grouping of columns in a table for use in a 

query optimizer for a relational database management system, wherein selectivities 
j and keys associated with columns in the table are provided iu a catalog, said method 

comprising the steps of: (a) determining an equivalence class for each column in said 
key; (b) for each said equivalence class determining an effective cardinality for each 
of said columns belonging to said equivalence class; (c) determining a cardinality for 
each of said equivalence classes by choosing the minimum effective cardinality for 
the columns belonging to said equivalence class; and (d) estimating a cardinality value 
for said key from the product of said cardinalities for said equivalence classes. 

ftchiefer: CoL 10 T lines 23-57 

To determine the effective cardinaEty of a column in line 13, the method 
according to the present invention considers the effect of local predicates on other 
columns in the equivalence class. Known query optimizers estimate the cardinality of 
a column CI using only the product of predicate selectivity (ff_l) and base table 
column cardinality .vertline.Cl.vertline. obtained from the CATALOG. Known 
optimizers do not consider the effects of predicates on other columns. According to 
the invention, the effective cardinality of a column is determined by the following 
expression which will be referred to as Expression (1): 

8 
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EFFECTIVE COLUMN CARDINALITY ~ |Cl|*fF_l * (1 - (1 - 
ff_2)<I T ' / ' c1| >)(l) 
where: 

| T | is the table cardinality, ie. number of rows in table 
| Cl [ is the base table cardinality obtained from the CATALOG 
ff_l is the selectivity of a local predicate for column Cl 
ff_2 is the sdectively of a local predicate for column C2 
In the derivation of Expression (1) according to the present method, it is 
assumed that Cl and C2 axe independent, and the values of Cl and C2 are both 
uniformly distributed in the table. 

If there is no restriction on column C2, ie. ff_2 is 1, Expression (1) reduces 
to | Cl | * ff_l which provides the basic operation performed by known optimizers 
for obtaining the effective cardinality of a column. Since the prior art method is 
based on the assumption that all columns in a key are fully independent of each 
other, the method according to the prior art usually leads to unnecessarily large 
numbers for the key cardinalities. This in turn can result in the query optimizer 18 
(FIG. 1) picking the wrong query plan which is clearly undesirable. 



In the context of Appellant's claims, the cardinality estimates arc generated using statistics of 
one or more automatic summary tables that vertically overlap the query. In Schiefer, however, the 

Cg3S cardinality estimates are generated by (1) determining an equivalence class for each column in a key; 

(b) for each equivalence class, determining an effective cardinality for each of the columns belonging 

* ■' to the equivalence class; (c) determining a cardinality for each of the equivalence classes by choosing 

the minHrmfn effective cardinality for the columns belonging to the equivalence class; and (d) 
estimating a cardinality value for the key from the product of the cardinalities for the equivalence 
classes. 

Raitto does not overcome the deficiencies of Schiefer and Chiang. Recall that Raitto was 
^ cited only against dependent claims 6-10, 16-20 and 26-30, and is specifically directed to queries that 

do not reference a particular materialized view (automatic summary table). 

Consequently, even when combined, the Schiefer, Chiang and Raitto references do not teach 
or suggest the Appellant's invention. Moreover, the various elements of Appellant's claimed 
invention together provide operational advantages over the cited references. In addition, 
Appellant's invention solves problems not recognized by the cited references. 

Thus, Appellant submits that independent claims 1,11 and 21 are allowable over Schiefer, 
Chiang and Raitto. Further, dependent claims 3-10, 13-20 and 23-30 are submitted to be allowable 
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over Schiefer, Chiang and Raitto in the same manner, because they axe dependent on independent 
claims 1, 11 and 21, respectively, and because they contain all the limitations of the independent 
claims. 

G. Appellant's Dependent Claims Are Patentable Over The Cited References 

Appellant's dependent claims are patentable over Schiefer, Chiang and Raitto, because it 
includes a combination of limitations not taught or suggested by the cited references, taken 
individually or in any combination 

With regard to claims 3, 13 and 23, which recite that "the statistics of the one or more 
automatic summary tables are used to improve a combined selectivity estimate of one or more 
predicates of the query " the Office Action asserts that Schiefer teaches the$e elements at col. 6, line 41 
- coL 7, line 20- Appellant's attorney disagrees. At the indicated location, Schiefer merely describes 
estimating cardinalities, but not using statistics of automatic summary tables. 

With regard to claims 4, 14 and 24, which recite that "the predicates axe applied by one of the 
automatic summary tables," the Office Action asserts that Schiefer teaches these elements at coL 10, 
lines 23-44. Appellant's attorney disagrees. At the indicated location, Schiefer merely describes the 
effect of local predicates on other columns, but not the application of predicates by automatic summary 
tables. 

With regard to claims 5, 15 and 25, which recite that "the selectivity estimate comprises a ratio 
of a cardinality of the automatic summary table to a product of cardinalities of base tables referenced in 
the automatic summary table and the query," the Office Action asserts that Schiefer teaches these 
elements at coL 8, lines 1-28. Appellant's attorney disagrees. At the indicated location, Schiefer merely 
describes estimates of key cardinalities, but says nothing about a ratio of a cardinality of the automatic 
summary table to a product of cardinalities of base tables referenced in the automatic summary table 
and the query. 

With regard to claims 6, 16 and 24, which recite that "zero or more predicates of the query are 
applied by one of the automatic summary tables and wherein the remaining predicates are eligible to be 
applied on the automatic summary table," the Office Action asserts that Chiang teaches these elements 
atcoL 12, lines 28-67. Appellant's attorney disagrees. The indicated location in Chiang is completely 
unrelated to the claim limitations. 

10 
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With regard to claims 7, 17 and 27, these claims stand or rail -with claims 1,11 and 21- 

With regard to claims 8, 18 and 28, which recite "deterniining a subpredicate combined 
selectivity estimate of the unapplied eligible predicates using column distribution statistics of the 
automatic summary cable," the Office Action asserts that Raitto teaches these elements at col. 1 1, lines 
6-19. Appellant's attorney disagrees. The indicated location in Raitto describes a "query reduction 
factor" computed for a materialised view, which i$ a different ratio, comprising a ratio of (1) the 
sum of the cardinalities of matching relations in the query that will be replaced by the materialized 
view to (2) the cardinality of the materialized view. 

With regard to claims 9, 19 and 29, which recite that "a cardinality ratio comprises a ratio of a 
cardinality of the automatic summary table to a product of cardinalities of base tables referenced in the 
automatic summary table and the query," the Office Action asserts that Raitto teaches these elements at 
coL 1 1, lines 20-30. Appellant's attorney disagrees. At the indicated location, Raitto describes a "query 
reduction factor" computed for a materialized view, which is a different ratio, comprising a rario of 
(1) the sum of the cardinalities of matching relations in the query that will be replaced by the 
materialized view to (2) the cardinality of the materialized view. 

With regard to claims 10, 20 and 30, which recite that "the selectivity estimate comprises a 
product of the subpredicate combined selectivity estimate and the cardinality ratio," the Office Action 
asserts that Raitto teaches these elements at coL 11, lines 31-49. Appellant's attorney disagrees. At the 
indicated location, Raitto merely describes the "current best materialized view" with the "highest 
query redaction factor/* but not a product of the subpredicate combined selectivity estimate and the 
cardinality ratio. 

DC CONCLUSION 

In light of the above arguments, Appellant respectfully submits that the cited references do 
not anticipate nor render obvious the claimed invention. More specifically, Appellant's claims recite 
novel physical features, which patentably distinguish over any and all references under 35 U.S.C. §5 
102 and 103. As a result, a decision by the Board of Patent Appeals and Interferences reversing the 
Examiner and directing allowance of the pending claims in the subject application is respectfully 
solicited 

Respectfully submitted, 

11 
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APPENDIX 

1 . A method of optimizing execution of a query that accesses data stored on a data store 
connected to a computer, comprising: 

generating cardinality estimates for one or more query execution plans for the query using 
statistics of one or more automatic summary tables that vertically overlap the query; and 

using the generated cardinality estimates to determine an optimal query execution plan for the 

query. 

3. The method of claim 1 , wherein the statistics of the one or more automatic summary 
tables are used to improve a combined selectivity estimate of one or more predicates of the query. 

4. The method of claim 3, wherein the predicates are applied by one of the automatic 
summary tables. 

5. The method of claim 4, wherein the selectivity estimate comprises a ratio of a 
cardinality of the automatic summary cable to a product of cardinalities of base tables referenced in the 
automatic summary table and the query. 

6. The method of claim 3, wherein zero or more predicates of the query are applied by 
one of the automatic summary tables and wherein the remaining predicates are eligible to be applied on 
the automatic summary table, 

7. The method of claim 6, wherein a predicate i$ eligible to be applied on the automatic 
summary table if it can be evaluated using die output columns and expressions of the automatic 
summary table. 

8. The method of claim 7, further comprising determining a subpredicate combined 
selectivity estimate of the unapplied eligible predicates using column distribution statistics of the 
automatic summary tabic. 



13 



PAGE 45/68 1 RCVDAT 11/912005 7:28:02 PM [Eastern Standard Time] < SVR:USPTOff XRF-6/26 » DNI$:2738300> CSID:+131Q6418798 1 DURATION (mm-ss):U-18 



11-09-2005 04:52PM FROM-Gatss & Cooper LLP 



+13105418798 



T-545 P. 046/068 F-770 



9. The method of claim 8, wherein a cardinality ratio comprises a ratio of a cardinality of 
the automatic summary table to a product of cardinalities of base tables referenced in the automatic 
summary table and the query. 

10. The method of claim 9, wherein the selectivity estimate comprises a product of the 
subpredicate combined selecriviry estimate and the cardinality ratio. 

1 1 . An apparatus for optimising execution of a query, comprising: 

a computer having a data store coupled thereto, wherein the data store stores data; 

one or more computet programs, performed by the computer, for generating cardinality 
estimates for one ox more query execution plans for the query using statistics of one or more automatic 
summary tables that vertically overlap the query, and for using the generated cardinality estimates to 
determine an optimal query execution plan for the query. 

13. The apparatus of claim 1 1 , wherein the statistics of the one or more automatic 
summary tables are used to improve a combined selectivity estimate of one or more predicates of the 
query. 

14. The apparatus of claim 13, wherein the predicates are applied by one of the automatic 
summary tables. 

1 5. The apparatus of claim 14, wherein the selectivity estimate comprises a ratio of a 
cardinality of the automatic summary table to a product of cardinalities of base tables referenced in the 
automatic summary table and the query. 

16. The apparatus of claim 13, wherein zero or more predicates of the query are applied by 
one of the automatic summary tables and wherein the remaining predicates are eligible to be applied on 
the automatic summary table. 

17. The apparatus of claim 16, a predicate is eligible to be applied on the automatic 
summary table if it can be evaluated using the output columns and expressions of the automatic 
summary table. 

14 
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1 8. The apparatus of claim 17, farther comprising determining a subpredicate combined 
selectivity estimate of the unapplied eligible predicates vising column distribution statistics of the 
automatic summary table. 

19. Hie apparatus of claim 1 8, wherein a cardinality ratio comprises a ratio of a car dinalit y 
of the automatic summary table to a product of cardinalities of base tables referenced in che automatic 
summary table and the query. 

^ 20. The apparatus of claim 19, wherein die selectivity estimate comprises a product of the 

subpredicate combined selectivity estimate and the cardinality ratio. 

21 . An article of manufacture comprising a program storage medium readable by a 
computer and embodying one ox more instructions executable by the computer to optimizing execution 
of a query that accesses data stored on a data store connected to the computer, comprising: 

generating cardinality estimates for one or more query execution plans for the query using 
^ statistics of one or more automadc summary tables that vertically overlap the query; and 

using the generated cardinality estimates to determine an optimal query execution plan for the 

query. 

23. The article of manufacture of claim 21, wherein the statistics of the one or more 
automatic summary tables are used to improve a combined selectivity estimate of one or more 
|»g predicates of the query. 



24. The article of manufacture of claim 23, wherein the predicates are applied by one of the 
automatic summary tables. 

25, The article of manufacture of claim 24, wherein the selectivity estimate comprises a 
ratio of a cardinality of the automatic summary table to a product of cardinalities of base tables 
referenced in the automatic summary table and the query. 
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26. The article of manufacture of claim 23, wherein zero or more predicates of the query 
are applied by one of the automatic summary tables and wherein the remaining predicates are eligible to 
be applied on the automatic summary table. 

27. The article of manufacture of claim 26, a predicate is eligible to be applied on the 
automatic summary table if it can be evaluated using the output columns -and expressions of the 
automatic summary table. 

28. The article of manufacture of claim 27, further comprising determining a subpredicate 
combined selectivity estimate of the unapplied eligible predicates using column distribution statistics of 
the automatic summary table. 

29. The article of manufacture of claim 28 > wherein a cardinality ratio comprises a ratio of a 
cardinality of the automatic summary table to a product of cardinalities of base tables referenced in the 
automatic summary table and the query. 

30. The article: of manufacture of claim 29, wherein the selectivity estimate comprises a 
product of the subpredicate combined selectivity estimate and the cardinality ratio. 
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RECEIVED 

CENTRAL FAX CENTER 



NOV 0 9 2005 



Confirmation. No.: 4709 
Due Date: May 23, 2004 



IN THE UNITED STATES PATENT AND TRADEMARK OFPICE 
BEFORE THE BOARD OF PATENT APPEALS AND INTERFERENCES 



In re Application of: 




Examiner: Cindy Nguyen 



Serial #: 09/669,556 



Group Art Unit; 2171 



Filed: September 26, 2000 



Appeal No.: 



Tide: QUERY OPTIMIZATION TECHNIQUE ) 
FOR OBTAINING IMPROVED ) 
CARDINALITY ESTIMATES USING ) 
STATISTICS OJsLPRErDEFINED QUERIES^ 



BRIEF OF APPELLANT 



MAIL STOP APPEAL BRIEF - PATENTS 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

In accordance with 37 C.F.R. §1.192, Appellant's attorney hereby submits the Brief of 
Appellant, in triplicate, on appeal from the final rejection in die above-identified application as set 
forth in the Office Action dated Decembet 24, 2003. 

Please charge the amount of $330.00 to cover the required fee for filing this Appeal Brief as 
set forth under 37 GFJt. §L17(c) to Deposit Account No. 09-0460 of IBM Corporation the 
assignee of the present application. Also, please charge any additional fees or credit any 
overpayments to Deposit Account No. 09-0460. 

I. REAL PARTYJNJNTEREST 

The real party in interest is IBM Corporation, the assignee of the present application. 
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II. RELATED APPEALS AND INTERFERENCES 

There ate no related appeals or interferences for the above-referenced patent application. 

III. STATUS OF CLAIMS 

Claims 1, 3-11, 13-21, and 23-30 are pending in the application. Claims 2, 12, and 22 have 
been canceled. 

Claims 1, 3-7, 1 1, 13-17, 21, and 23-27 were rejected under 35 U.S.C §l03(a) as being 
obvious over Schiefer, U.S. Patent No. 5,761,653 (Schiefer) in view of Chiang, U.S. Patent No. 
6,477,523 (Chiang). 

Claims 6-10, 16-20, and 26-30 were rejected under 35 U-S-C §l03(a) as being unpatentable 
over Schiefer in view of Chiang and further in view of Riatto et aL 7 U.S. Patent No. 5,991,754 
(Riatto). 

IV. STATUS OF AMENDMENTS 

No amendments to the claims have been made subsequent to the final Office Action. 

V. SUMMARY OF THE INVENTION 

Appellant's invention, as recited in independent claims 1, 11, and 21, is generally directed to 
a method of optimizing execution of a query that accesses data stored on a data store connected to a 
computer. Claim 1 is representative and recites the steps of generating cardinality estimates for one or 
more query execution plans for the query using statistics of one or more automatic summary tables that 
vertically overlap the query, and using the generated cardinality estimates to determine an optimal query 
execution plan for the query. 

With regard to the rejected claims, refer to the specification as follows: 

(a) at page 6, line 18 through page 29, line 24; and 

(b) at page 30, line 1 through page 31, line 17 and in FIGS. 2, 3 and 4 as reference numbers 
200-204, 300-310 and 400-416. 

VI. ISSUES PRESENTED FOR REVIEW 

1. Whether claims 1, 3-7, 11, 13-17, 21, and 23-27 are obvious under 35 U.S.C §103(a) 

2 
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in view of Schiefer, U.S. Patent No. 5,761,653 (Schiefer) in view of Chiang, ILS. Patent No. 
6,477,523 (Chiang). 

2. Whether claims 6-10, 16-20, and 26-30 are obvious under 35 U.S.C. §103(a) in view 
of Schiefer, in view of Chiang and further in view of Riatto et aL, U.S. Patent No. 5,991,754 (Riatto), 

VIL GROUPING OF CLAIMS 

The rejected claims do not all stand or fall together. The claims are grouped as follows: 

1. daim$ 1, 7, 11, 17, 21 and 27 stand or fall together; 

2. claims 3, 13 and 23 stand or fell together; 

3. claims 4, 14 and 24 stand or rail together; 

4. claims 5, 15 arid 25 stand or fall together; 

5. claims 6, 16 and 26 stand or fall together; 

6. claims 8, 18 and 28 stand or fall together; 

7. claims 9, 19 and 29 stand or fall together; and 

8. claims 10, 20 and 30 stand or fall together. 
Separate arguments for each of the groups of claims are provided below. 

VIIL ARGUMENTS 

A. The Office Action_RejectiQns 

In sections (2)-(3) of the Office Action, claims 1, 3-7, 11,13-17, 21 and 23-27 were rejected 
under 35 U.S.C. §l03(a) as being obvious over Schiefer et aL, VS. Patent No. 5,761,653 (Schiefer) in 
view of Chiang, U.S. Patent No. 6,477,523 (Chiang). In section (4) of the Office Action, claims 6- 
10, 16-20, and 26-30 were rejected under 35 U.S.C. §1 03(a) as being unpatentable over Schiefer in 
view of Chiang, U.S. Patent No. 6,477,523 (Chiang) and further in view of Raitto et aL, U.S. Patent 
No. 5,991,754 (Raitto). 

Appellant's attorney respectfully traverses these rejections* 

B. The Appellant's Claimed Invention 

Appellant's claimed invention, as recited in independent claims 1, 11, and 21, is generally 
directed to a method of optimizing execution of a query that accesses data stored on a data store 
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connected to a computer. Claim 1 is representative and recites the steps of generating cardinality 
estimates for one or more query execution plans for the query using statistics of one or more automatic 
summary tables that vertically overlap the query, and using the generated cardinality estimates to 
determine an optimal query execution plan for the query* 

C. Jhe. S .c.bjj p ,tej ; .. Reference 

Schiefer describes a method for estimating cardinalities for query processing in a relational 
database management system. The method i$ suitable for use with a query optimizer for esti ma ti n g 
cardinalities for sets of columns or keys resulting from a grouping operation or a duplicate removal 
operation. 

D. The Chiang Reference 

Chiang describes a method, apparatus, and article of manufacture for generating statistics for 
use by a relational database management system. A global aggregate spool is generated for each of a 
plurality of partitions of a subject table that are spread across a plurality of processing units of a 
computer system. Each of me global aggregate spools is scanned to generate summary records. The 
summary records axe then merged to generate interval records for a compressed histogram of the 
subject table, wherein the compressed histogram includes both equal-height intervals and high- 
biased intervals. The compressed histogram can then be analyzed to esti ma te the cardinality 
associated with one or more search conditions of a user query or other SQL statement. Compared 
to a strictly equal-height histogram, the compressed histogram allows the relational database 
management system to more accurately estimate the cardinality associated with various search 
conditions. As a result, the relational database management system can better optimize the execution 
of the user query. 

E. The Raitto Reference 

Raitto describes a method and system for processing queries, where the queues do not 
reference a particular materialized view. Specifically, techniques are provided for handling a query 
that specifies a first set of one or more aggregate functions, where the particular materialized view 
reflects a second set of one or more aggregate functions. Whether the query can be rewritten is 

4 
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determined based on the aggregate functions in the first and second sets, and the corresponding 
arguments. Techniques are also provided for processing a query that (1) does not reference a 
particular materialized view, (2) specifies a first set of one or more aggregate functions, where the 
particular materialized view reflects a second set of one or more aggregate functions, A technique is 
also provided for rewriting queries that specify an outer join that has a dimension table on the child- 
side of the outer join and a fact table on the parent-side of the outer join. The query is rewritten to 
produce a rewritten query by replacing references to the fact table in the query with references to a 
maceria1i?ed view- The rewritten query specifies an outer join that has the dimension table on the 
child side and the materialized view on the parent side. 

F- Appellant's Independent Claims.Are Patentable. Over The Cited References 

Appellant's independent rlai'ms axe patentable over Schiefer, Chiang and Rairto, because it 
includes a combination of limitations not taught or suggested by the cited references, taken 
individually or in any combination. 

The combination of Schiefer and Chiang is cited by the Office Action as teaching all of the 
seeps or elements of the independent claims 1,11 and 21 - 

Appellant's attorney disagrees. 

The Office Acdon states that Chiang teaches the elements "generating cardinality estimates 
for one or more query execution plans for the query using statistics of one or more automatic 
summary tables that vertically overlap the query" at coL 6, lines 32-65 and in FIG. 3, steps 300-310. 
However, at die indicated locations, Chiang merely states the following: 
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Chiang: CoL 6 T lines 32-65 

According to the preferred embodiment of the present invention, a new kind 
of database statistics, known as a compressed histogram, are generated for use by the 
Optimizer subsystem of the PE 114 in optimizing an execution plan. The 
compressed histogram includes high-biased intervals and/or equal-height intervals 
chat allow the Optimizer subsystem of the PE 114 to more accurately estimate the 
cardinality associated with various conditions of the execution plan. 

Typically, the compressed histogram is independently generated for a 
specified subject table and then stored as a single field of a row in a system table in 
the relational database 118 for later use by the Optimizer subsystem of the PE 1 14. 
The PE 1 14 is responsible for generating the compressed histogram, using a 
sequence of collection steps sent to and performed by the AMPs 1 16. In the 
preferred embodiment, there are two statistics collection steps. 

A first collection step is responsible for building a global aggregate spool and 
a sequence of summary records on each AMP 116 participating in the statistics 
collection (Le., on each AMP 116 that manages a partition of the subject table), 
wherein multiple copies of the first collection step ate executed simultaneously and 
in parallel by the AMPs 116, In this manner, the global aggregate spool may be 
considered partitioned in the same manner as the subject table. 

Each tow of the global aggregate spool includes: (1) a distinct value from the 
partition of the subject table and (2) die number of rows in the partition of the 
subject table having the distinct value. The global aggregate spool is considered 
global in the sense that a distinct value from the subject table can only be found on a 
single AMP 116, because the subject table is partitioned across multiple AMPs 116. 

Chiang: FIG. 3 
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FIG. 3 
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Nothing in the above description from Chiang can fairly be said to represent "generating 
cardinality estimates for one or more query execution plans for the query using statistics of one or more 
automatic summary tables that vertically overlap the query." 

In Chiang, summary records are constructed from a global aggregate spool. Each row of the 
global aggregate spool includes: (1) a distinct value from the partition of the subject table and (2) the 
number of rows in the partition of the subject table having the distinct value. Each summary record 
includes: (1) a sort key, (2) a distinct value, and (3) the number of tows in the partition of the subject 
table having the distinct value. 

However, the summary records in Chiang are not "automatic summary tables" or 
"materialized views.* 3 As noted in Appellant's specification, automatic summary tables are pre- 
computed queries. 

Also, Chiang does not determine that an automatic summary table vertically overlaps a query. 
As noted in Appellants specification, an automatic summary table vertically overlaps a query when the 
set of predicates applied by die automatic summary table is a subset of the predicates required by the 
query. 

However, there is no discussion of vertically overlapping automatic summary tables in 
Chiang. Indeed, Chiang is directed only to the construction of a compressed histogram of a subject 
table without reference to a query. 

7 
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Consequently, Chiang does not teach or suggest "generating cardinality estimates fox one or 
more query execution plans for the query using statistics of one or more automatic summary tables 
that vertically overlap the query." 

The Office Action also states that S chief er teaches the elements "using the cardinality 
estimates to determine an optimal query execution plan for the query" at col. 3, lines 37-60 and col. 10, 
lines 23-57. However, at the indicated locations, Schiefer merely states the following: 



Schiefer: Col. 3. lines 37-60 

It is another object of the present invention to produce a better cardinality 
estimate by utilizing information and attributes which can be obtained from the 
catalog for the relational database management system* The additional information 
includes cardinalities for existing unique keys, column equivalence classes, functional 
dependencies, statistical functional dependencies, and statistically unique keys. 

In a first aspect, the present invention provides a method for estimating 
cardinalities for a key formed from a grouping of columns in a table for use in a 
query optimizer for a relational database management system, wherein selecrivities 
and keys associated with columns in the table are provided in a catalog, said method 
comprising the steps of: (a) determining an equivalence class for each column in said 
key; (b) for each said equivalence class determining an effective cardinality fot each 
of said columns belonging to said equivalence class; (c) determining a cardinality for 
each of said equivalence classes by choosing the minimum effective cardinality for 
the columns belonging to said equivalence class; and (d) estimating a cardinality value 
for said key from the product of said cardinalities for said equivalence classes. 

Schiefer: Col JO. lines 23-57 

To determine the effective cardinality of a column in Line 13, the method 
according to the present invention considers the effect of local predicates on other 
columns in the equivalence class. Known query optimizers estimate the cardinality of 
a column Cl using only the product of predicate selectivity (ff_l) and base table 
column cardinality .vertljne.Cl .vertline. obtained from the CATALOG. Known 
optimizers do not consider the effects of predicates on other columns* According to 
the invention, the effective cardinality of a column is determined by the following 
expression which will be referred to as Expression (1): 
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EFFECTIVE COLUMN CARDINALITY = IC1 1* ff_l + (1 - (1 - 

ff_2)° T,/,cl| ^(l> 
where: 

| T | is the table cardinality, i.e. number of rows in table 
| CI ] is the base table cardinality obtained from the CATALOG 
ff]_l is the selectivity of a local predicate for column CI 
ffJ2 is the selectively of a local predicate for column C2 
In the derivation of Expression (1) according to the present method, it is 
assumed that Cl and C2 are independent, and the values of CI and C2 are both 
uniformly distributed in the table. 

If there is no restriction on column C2, Le. ff_2 i$ 1, Expression (1) reduces 
to ] Cl | * £M which provides the basic operation performed by known optimizers 
for obtaining the effective cardinality of a column. Since the prior art method is 
based on the assumption that all columns in a key are fully independent of each 
other, die method according to the prior art usually leads to unnecessarily large 
numbers for the key cardinalities. This in turn can result in the query optimizer 1 8 
(FIG. 1) picking the wrong query plan which is clearly undesirable. 



In the context of Appellant's claims, the cardinality estimates are generated using statistics of 
one or more automatic summary tables that vertically overlap the query. In Schiefer, however, the 
cardinality estimates ate generated by (1) determining an equivalence class for each column in a key; 
(b) for each equivalence class, determining an effective cardinality for each of the columns belonging 
to the equivalence class; (c) determining a cardinality for each of the equivalence classes by choosing 
the minimum effective cardinality for the columns belonging to die equivalence classy and (d) 
estimating a cardinality value for the key from the product of the cardinalities for the equivalence 
classes. 

Raitto does not overcome the deficiencies of Schiefer and Chiang. Recall that Raitto was 
cited only against dependent claims 6-10, 16-20 and 26-30, and is specifically directed to queries that 
do not reference a particular materialized view (automatic summary table). 

Consequently, even when combined, the Schiefer, Chiang and Raitto references do not teach 
or suggest the Appellant's invention. Moreover, the various elements of Appellant's claimed 
invention together provide operational advantages over the cited references. In addition, 
Appellants invention solves problems not recognized by the cited references. 

Thus, Appellant submits that independent claims 1,11 and 21 are allowable over Schiefer, 
Chiang and Raitto, Further, dependent claims 3-10, 13-20 and 23-30 are submitted to be allowable 

9 
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over Schiefer, Chiang and Raitto in the same manner, because they are dependent on independent 
claims 1, 1 1 and 21, respectively, and because they contain all the limitations of the independent 
claims. 

G. Appellant's Dependent Claims Are Patentable Over The Cited References 

Appellant's dependent claims are patentable over Schiefer, Chiang and Raitto, because it 
includes a combination of limitations not taught or suggested by the cited references, taken 
individually or in any combination 

With regard to claims 3, 13 and 23, which recite that "the statistics of the one or more 
automatic summary tables are used to improve a combined selectivity estimate of one or more 
predicates of the query," the Office Action asserts that Schiefer teaches these elements at coL 6, line 41 
- coL 7, line 20. Appellant's attorney disagrees. Ac the indicated location, Schiefer merely describes 
estimating cardinalities, but not using statistics of automatic summary tables. 

With regard to claims 4, 14 and 24, which recite that "the predicates are applied by one of the 
automatic summary tables," the Office Action asserts that Schiefer teaches these elements at coL 10, 
lines 23-44. Appellant's attorney disagrees. At the indicated location, Schiefer merely describes the 
effect of local predicates on other columns, but not the application of predicates by automatic summary 
tables. 

With regard to claims 5, 15 and 25, which recite that "the selectivity estimate comprises a ratio 
of a cardinality of the automatic summary table to a product of cardinalities of base tables referenced in 
the automatic summary tabic and the query," the Office Action asserts that Schiefer teaches these 
elements at coL 8, lines 1-28. Appellants attorney disagrees. At the indicated location, Schiefer merely 
describes estimates of key cardinalities, but says nothing about a ratio of a cardinality of the automatic 
summary table to a product of cardinalities of base tables referenced in the automatic summary table 
and the query. 

With regard to claims 6, 16 and 24, which recite that "zero or more predicates of die query ace 
applied by one of the automatic summary tables and wherein the remaining predicates are eligible to be 
applied on the automatic summary table," the Office Action asserts that Chiang teaches these elements 
at coL 12, lines 28-67. Appellant's attorney disagrees. The indicated location in Chiang is completely 
unrelated to the claim limitations. 

10 
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With regard to claims 7, 17 and 27, these claims stand or fell with claims 1, 11 and 21. 

With regard to claims 8, 18 and 28, which recite "determining a subpredicate combined 
selectivity estimate of the unapplied eligible predicates using column distribution statistics of the 
automatic summary table," the Office Action asserts that Raitto teaches these elements at col. 11, lines 
6-19. Appellant's attorney disagrees. The indicated location in Raitto describes a "query reduction 
factor" computed for a materialized view, which is a different ratio, comprising a ratio of (1) the 
sum of the cardinalities of matching relations in the query that will be replaced by the materialised 
view to (2) the cardinality of the materialized view. 

With regard to claims 9, 19 and 29, which recite that "a cardinality ratio comprises a ratio of a 
cardinality of the automatic summary table to a product of cardinalities of base tables referenced in the 
automatic summary table and the query," the Office Action asserts that Raitto teaches these elements at 
coL 11, lines 20-30. Appellant's attorney disagrees. At the indicated location, Raitto describes a "query 
reduction factor" computed for a materialized view, which is a different ratio, comprising a ratio of 
(1) the sum of the cardinalities of matching relations in the query that will be replaced by the 
materialized view to (2) the cardinality of the materialized view. 

With regard to claims 10, 20 and 30, which recite that "the selectivity estimate comprises a 
product of the subpredicate combined selectivity estimate and the cardinality ratio " the Office Action 
asserts that Raitto teaches these elements at coL 11, lines 31-49. Appellant's attorney disagrees. At the 
indicated location, Raitto merely describes the "current best materialized view" with the "highest 
query reduction factor/ 3 but not a product of the subpredicate combined selectivity estimate and the 
cardinality ratio, 

IX. CONCLUSION 

In light of the above arguments, Appellant respectfully submits that the cited references do 
not anticipate nor render obvious the claimed invention. More specifically, Appellant's claims recite 
novel physical features, which patentably distinguish over any and all references under 35 U.S.C §§ 
102 and 103. As a result, a decision by the Board of Patent Appeals and Interferences reversing the 
Examiner and directing allowance of the pending Hatmft in the subject application is respectfully 
solicited. 

Respectfully submitted, 

11 
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APPENDIX 

1 . A method of optimizing execution of a query that accesses data stored on a data store 
connected to a computer, comprising: 

generating cardinality estimates for one or more query execution plans for the query using 
statistics of one or more automatic summary tables that vertically overlap the query; and 

using the generated cardinality estimates to determine an optimal query execution plan for the 

query- 

3. The method of claim 1, wherein the statistics of the one or more automatic su mmar y 
tables are used to improve a combined selectivity estimate of one or more predicates of the query. 

4. The method of claim 3, wherein the predicates are applied by one of the automatic 
summary tables. 

5. The method of claim 4, wherein the selectivity estimate comprises a ratio of a 
cardinality of the automatic summary table to a product of cardinalities of base tables referenced in the 
automatic summary table and the query. 

6. The method of claim 3, wherein zero or more predicates of the query are applied by 
one of the automatic summary tables and wherein the remaining predicates are eligible to be applied on 
the automatic summary table. 

7. The method of claim 6, wherein a predicate is eligible to be applied on the automatic 
summary table if it can be evaluated using the output columns and expressions of the automatic 
summary table. 

8. The method of claim 1> further comprising determining a subpredieate combined 
selectivity estimate of the unapplied eligible predicates using column distribution statistics of the 
automatic summary table. 



13 
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9. The method of claim 8, wherein a cardinality ratio composes a ratio of a cardinality of 
the automatic summary table to a product of cardinalities of base tables referenced in the automatic 
summary table and the query. 

1 0. The method of claim 9, wherein the selectivity estimate comprises a product of the 
subpredicate combined selectivity estimate and the cardinality ratio. 

1 1 . An apparatus for optimizing execution of a query, comprising: 

a computer having a data store coupled thereto, wherein the data store stores data; 

one or more computer programs, performed by the computer, for generating cardinality 
estimates for one or more query execution plans for the query using statistics of one or more automatic 
summary tables that vertically overlap the query, and for using the generated cardinality estimates to 
determine an optimal query execution plan for the query. 

13. The apparatus of claim 11, wherein the statistics of the one or more automatic 
summary tables are used to improve a combined selectivity estimate of one or more predicates of the 
query. 

14. The apparatus of claim 13, wherein the predicates are applied by one of the automatic 
summary tables. 

15. The apparatus of rWnn 14, wherein the selectivity estimate comprises a ratio of a 
cardinality of the automatic summary table to a product of cardinalities of base tables referenced in the 
automatic summary table and the query. 

1 6* The apparatus of claim 1 3, wherein zero or more predicates of the query are applied by 
one of the automatic summary tables and wherein the remaining predicates are eligible to be applied on 
the automatic summary table. 

17. The apparatus of claim 1(5, a predicate is eligible to be applied on the automatic 
summary table if it can be evaluated using the output columns and expressions of the automatic 
summary table. 

14 
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18. The apparatus of claim 17, further comprising determining a subpredicate combined 
selectivity estimate of the unapplied eligible predicates using column distribution statistics of the 
automatic summary table. 

19. The apparatus of claim 1 8, wherein a cardinality ratio comprises a ratio of a cardinality 
of the automatic summary table to a product of cardinalities of base tables referenced in the automatic 
summary table and the query. 

20. The apparatus of rlaim 1 9, wherein the selectivity estimate comprises a product of the 
subpredicate combined selectivity estimate and the cardinality ratio, 

21. An article of manufacture comprising a program storage medium readable by a 
computer and embodying one or mote instructions executable by the computer to optimizing execution 
of a query that accesses data stored on a data store connected to the computer, comprising: 

generating cardinality estimates for one or more query execution plans for the query using 
statistics of one or more automatic summary tables that vertically overlap the query, and 

using the generated cardinality estimates to determine an optimal query execution plan for the 

query. 

23. The article of manufacture of 21, wherein the statistics of the one or more 
automatic summary tables are used to improve a combined selectivity estimate of one or more 
predicates of the query. 

24. The article of manufacture of claim 23, wherein the predicates are applied by one of the 
automatic summary tables. 

25. The article of manufacture of claim 24, wherein the selectivity estimate comprises a 
ratio of a cardinality of the automatic summary table to a product of cardinalities of base tables 
referenced in the automatic summary table and the query. 
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26. The article of manufacture of claim 23, wherein zero or more predicates of the query 
axe applied by one of the automatic summary tables and wherein the remaining predicates are eligible to 
be applied on the automatic summary table. 

27. The article of manufacture of daim 26, a predicate is eligible to be applied on the 
automatic summary table if it can be evaluated using the output columns and expressions of the 
automatic summary table. 

28. The article of manufacture of <*1*itn 27, further comprising determining a subpredicate 
combined selectivity estimate of the unapplied eligible predicates using column distribution statistics of 
the automatic summary table, 

29- Hie article of manufacture of claim 28, wherein a cardinality ratio comprises a ratio of a 
cardinality of the automatic summary table to a product of cardinalities of base tables referenced in the 
automatic summary table and the query. 

30- Trie article of manufacture of rUitm 29, wherein the selectivity estimate comprises a 
product of the subpredicate combined selectivity estimate and the cardinality ratio. 
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EXHIBIT C 
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